Summary.-This paper reports a survey of nasal cancer in Northamptonshire during the period 1950-79. An increased risk of various histological types of nasal tumour has been observed within the footwear manufacturing industry, which seems to be limited to the minority of men and women exposed to the dust of leather soles and heels. In Northamptonshire this exposure has usually occurred in the preparation, press and finishing rooms of factories making boots and shoes by the welted process. This type of leather is tanned by treatment with vegetable extracts, not chrome salts. Although the population of workers involved has diminished over the period of the study there has been no evidence of a decline in incidence of these tumours within it.
THE RISK OF NASAL CANCER has been shown to be increased in boot and shoe operatives in Northamptonshire (Acheson et al., 1970) , in other parts of England and Wales (Acheson et al., 1981) and in Italy (Cecchi et al., 1980) . This paper reports the incidence and secular trend of nasal cancer in Northamptonshire during the years 1950-79 and provides new information on the occurrence of the disease within the footwear industry.
MATERIAL AND METHOD
Since the publication of our study (1970) every case of nasal cancer (ICD 160 excluding ICD 160.1, eustachian tube and middle ear) (WHO, 1967) recorded by the Oxford Regional Cancer Register in persons resident in Northamptonshire at the time of diagnosis has been notified to us. The high standard of ascertainment of this register, which was established in 1951, has been remarked on elsewhere (Acheson et at., 1970) . In addition a systematic search of the death benefit records of the National Union of Boot and Shoe Operatives was carried out and 3 early cases (two from 1950 and one from 1952) were identified. The Registers of Deaths of Northampton County Borough, Rushden and Wellingborough were searched systematically from 1900 to 1968. This yielded 4 additional cases in persons known to have been employed in the industry who died respectively in 1931, 1939, 1952 and 1954 . The last 2 of these have been included in the analysis.
With the permission of the family doctor a postal questionnaire has been sent to each patient (or next of kin) asking for a list of jobs (including industry) with dates, and smoking and snuffing histories. Similar data have been collected from control patients with other types of cancer. Data comparing the experience of cases and controls will be reported elsewhere.
In order to make accurate estimates of the trend of incidence of nasal cancer in the footwear manufacturing industry it would be desirable to have a register of all those ever employed in the industry and relate the cases to successive cohorts within the register. As these data are not available, we have used the enumerations of men and women employed in the Northamptonshire footwear industry at the Censuses of 1931 Censuses of , 1951 Censuses of , 1961 Censuses of and 1971 (OPCS Censuses); (TableI). These figures show the contraction of the workforce of the industry during the period. In estimating the numbers of men born during the period 1871-1921 who entered the industry it has been assumed that the age structure of the Northamptonshire workforce has been similar Table (and in Table III (b)) the cases have been reclassified according to occupation at time of diagnosis or on retirement in order to correspond as closely as possible with the conventions used in the definition of occupation at the Decennial Censuses.
In Table III (b) average annual incidence rates (males only) are shown for adenocarcinomas, squamous, transitional and anaplastic tumours, other tumours, and all tumours for boot and shoe workers and others. The average annual incidence rate for all types of nasal tumour combined in male boot and shoe workers was 55.4/106, as compared with 12-2/106 for other men resident in Northamptonshire. The relative risk (RR) in boot and shoe workers corrected for age was 4-8; 95% confidence limits (CL) were 3-5 and 7-9. High incidence rates were also found in male boot and shoe operatives for each of the histological types of tumour for which sufficient numbers were available for analysis, namely for adenocarcinomas (RR 7-8, 95% CL 3 7, 14.3) and for squamous cell tumours (RR 3-1, 95% CL 1*4, 5.9). These estimates of relative risk exclude a number of men who had previously worked in the footwear industry but had left by the time the tumour was diagnosed. 
Secular trend
In spite of the marked decline in the number of men employed in the footwear manufacturing industry since 1931 (Table  I ) the number of cases of nasal cancer which has been found to occur in the industry has been remarkably constant during the 3 decades of the study (Table  II) . During the same period the age of the men at the time the tumours were diagnosed has remained much the same.
Taking these 3 points together it seems unlikely that the rate of incidence of the tumour within the industry has declined.
In Table IV and the Fig. we have made estimates of the numbers of men who have entered the Northamptonshire industry in successive birth cohorts (using the assumptions set out above) and have calculated the numbers of cases of the disease that would have been expected if there had been no change in incidence over the -1901 1902-1911 1912-1921 1922-1931 1932-1941 
Type of work within the industry
Analysis of the jobs of the 31 Northamptonshire male boot and shoe operatives for whom detailed data are available show that 21 (68%) worked either in the preparation or press rooms (5), or the finishing rooms (16) (Table V) . It is in these departments that most of the dusty operations occur including sorting and cutting out leather bends and trimming and scouring heels and soles (IARC (a) 1981). As these departments employ only about one third of the total male work- If men who had left the industry before diagnosis or retirement are excluded it is possible to calculate the risk of men who worked in the preparation and finishing rooms relative to men resident in Northamptonshire not known to have been employed in the footwear industry. Assuming that the age structure of this group of men is similar to that of the footwear industry as a whole the relative risk is 9-8 (95%CL 5.7, 15.7). Of the 8 women, 2 were employed in preparation and finishing and were therefore involved in dusty work.
Of the 16 men who had worked in the finishing department, 10 were described simply as "finishers", one was described as a "hand finisher of soles and heels", one as a "heel trimmer" and 4 as "heel scourers." Of the 5 workers in the preparation department, 2 were described as working in "preparation", one was described as a "revolution press operator", one as a "heel sorter and sole and heel cutter" and one as a ''sorter in the press room." All the jobs were described as dusty.
DISCUSSION
Although our results if taken at their face value suggest that the incidence of nasal cancer in the Northamptonshire footwear manufacturing industry has been increasing steeply during much of the period covered by the study, part of the trend is almost certainly due to less complete case-finding in the earlier cohorts than subsequently. Nevertheless it seems prudent to conclude that there is at least no evidence of a decline in incidence during the period and that men who entered the industry as recently as 1932-41 (and possibly later) and were exposed to certain types of dust continued to suffer a relatively high risk of this rare tumour. The decline in the size of the workforce (Table I ) has tended to conceal this situation.
During the working lives of the patients reported here the traditional craft of the Northamptonshire footwear industry was the manufacture of men's leather welted shoes. High-speed grinding machines are used in the finishing rooms of the factories to trim and scour the heels and soles of shoes made in this way and many of the men who developed tumours in the finishing rooms used these machines. There has been a decline in the number of shoes made by this method in recent years but men who repair leather shoes, who use similar machines, are also at risk (Acheson et al., 1970 (Acheson et al., , 1981 Cecchi et al., 1980) . Leather dust was also created in the preparation and press rooms where hides are sorted and cut for soles and heels.
Scrutiny of the occupational histories of cases of nasal cancer reported from the footwear manufacturing industry in other parts of England (Acheson et al., 1970 (Acheson et al., , 1981 and from Italy (Cecchi et al., 1980) show that, where sufficient detail is available to classify the work, the affected men and women had also usually carried out jobs which involved either sorting, cutting, trimming or scouring leather used for heels and soles.
In both the finishing and preparation rooms the leather dust is derived from the materials used in the "bottoms" (soles and heels) rather than the "uppers" of the footwear (IARC (a) 1981; Huggett, personal communication) . This is important because the substances used for tanning "bottom" leather are vegetable extracts containing tannins, not trivalent chrome salts which are used to tan leather used in uppers (IARC (b), 1981) . It is interesting that no cases of nasal cancer have come to our notice among men who "rough" the uppers of leather shoes in the making rooms. This operation, which is carried out by high-speed wire brushes, is the principal dusty procedure involving chrome-tanped leather. (IARC (a), 1981) . Unlike the use of leather soles and heels there has been no decline in the use of chrome-tanned leather for uppers.
Data concerning the carcinogenicity of tannins are unsatisfactory but a single experiment reported in the literature suggests that tannins may be carcinogenic to rodents (Kirby, 1960) . It is conceivable that tannins may provide a link between the occurrence of nasal adenocarcinomas in boot and shoe workers and furniture workers (Acheson et al., 1972 (Acheson et al., , 1976 (Acheson et al., , 1982 , as they have been identified in the sawdust of beech, oak and pine (Harbourne, personal communication). It is not known whether free tannins are present in leather dust. Another possibility is that the carcinogen is some other substance in the extracts used in vegetable tanning or a product of pyrolysis associated with cutting or grinding vegetable-tanned leather.
Cole and colleagues (1972) found an increased risk of bladder cancer in men in the leather and leather products industry in Massachusetts. As in Northamptonshire most of the excess was found in occupations involved in cutting, assembling and buffing leather pieces, and Cole and his colleagues suggested that a single absorbable carcinogen might be responsible for tumours both at the site of contact (the nasal mucosa) and of excretion (the bladder). In view of the known relationship of bladder cancer to exposure to dyestuffs and certain inks it is worth noting that in Northamptonshire cutting, edge trimming, and scouring soles and heels is usually carried out on leather before it is inked or dyed.
Unlike furniture workers, who suffer exclusively from adenocarcinoma, footwear operatives also suffer an increased incidence of nasal tumours of other histological types. It is interesting that there is no evidence of an increased risk of nasal cancer in men working in tanneries who prepare leather for use in the footwear industry, but this may be because most of the dusty operations involved in tanning occur in tanneries using chrome not vegetable extracts (IARC (b), 1981) . In view of their widespread occurrence in nature (including certain vegetables and beverages) more information is needed about the chemistry, mutagenicity and carcinogenicity of tannins.
Forty-six cases of nasal cancer have now been reported in the British footwear industry and 15 others have been described in the footwear-repairing industry. In spite of this there is little information available about the composition and levels of dust associated with the use of high-speed grinding machines in the manufacture and repair of leather footwear and none to indicate a decline in these levels. A survey carried out in a factory in England manufacturing men's welted shoes in the summer of 1976 reported a mean figure of 0-26 mg/m3 from static samples of workroom air in the vicinity of dusty operations, but it is uncertain that this was representative of levels throughout the year or of the experience of the operators of the machines (IARC (c), 1981). About 40% of the particles were smaller than 4 ,um. No data are available for shoe repairers. No control limit for dust in the footwear industry has been set other than the general limit of 10 mg/m3 applying to all dusts.
